During March-April 1993, an estimated 403000 residents of the 5-county greater Milwaukee, Wisconsin area developed cryptosporidiosis after drinking contaminated municipal water. Although the number of cases dropped precipitously after the implicated water plant closed on 9 April, cases continued to occur. To investigate risk factors for post-outbreak cryptosporidiosis, 33 Milwaukee-area residents who had laboratory-confirmed Cryptosporidium infection with onset of diarrhoea between 1 May and 27 June 1993 were interviewed by telephone. Of these, 28 (85 %) had onset of diarrhoea during May, 12 (36 %) had watery diarrhoea during the outbreak, and 5 (15 %) were HIV-infected. In a neighbourhood-matched case-control study, immunosuppression (matched odds ratio (MOR) not calculable, 95 % confidence interval (CI) 3-0, infinity) and having a child less than 5 years old in the household (MOR = 17'0, CI 2-0, 395 0) were independently associated with infection. When persons who had diarrhoea during the outbreak were excluded, immunosuppression remained significantly associated with illness (MOR not calculable, CI 1-6, infinity). Cryptosporidium transmission continued after this massive waterborne outbreak but decreased rapidly within 2 months. BACKGROUND
Persons with immunosuppressive conditions, particularly those with the acquired immunodeficiency syndrome (AIDS), may develop severe protracted diarrhoea that results in weight loss, chronic wasting, and death [11, 12] . A pattern of recurrent, intermittent, or 'waxing and waning' diarrhoea has been noted [13, 14] [4] . This plant, located in southern Milwaukee, supplied drinking water primarily to southern and central Milwaukee [4] . On 7 April 1993 , an advisory to boil water was issued by the mayor of Milwaukee. On 9 April the South Milwaukee Water Works treatment plant was temporarily closed and the entire city was supplied with water from the North plant. The South water treatment plant was put back into service on 1 June 1993. Telephone surveys conducted by the Wisconsin Division of Health and the City of Milwaukee Health Department from 12 April to 20 May 1993 indicated that the number of cases of watery diarrhoea dropped sharply after 15 April [4, 8] . However, laboratoryconfirmed causes of Cryptosporidium infection continued to occur, and the source of transmission for these cases was unknown. Because of concern about ongoing transmission of Cryptosporidium in the Milwaukee area, an investigation was conducted to assess the magnitude of the problem, to identify possible risk factors for secondary transmission, and to characterize clinical and epidemiologic features of cryptosporidiosis following the outbreak. 5-county greater Milwaukee area who had diarrhoea that began between 1 May and 27 June 1993, i.e., at least 3 weeks after the implicated water treatment plant was closed. The presence of oocysts in stool was microscopically confirmed by local laboratories using a modified acid fast stain or direct fluorescent antibody assay. To reduce the likelihood that persons with recrudescence of outbreak-associated cryptosporidiosis were classified as having post-outbreak Cryptosporidium infection, persons who had diarrhoea before 1 May were excluded from the study unless they reported having had at least 7 consecutive days of normal stools before onset of illness on or after 1 May. Diarrhoea was defined as two or more loose or watery bowel movements within a 24-h period. The outbreak interval was considered to be the period between 15 March and 15 April 1993.
MATERIALS AND METHODS

Case
Epidemiologic investigation
All laboratory-confirmed cases reported to the City of Milwaukee Health Department between 1 May and 27 June 1993 were reviewed. Attempts were made to contact the case-patients by telephone to determine eligibility.
Case-patients who agreed to participate were interviewed using a standardized questionnaire. We obtained information on signs and symptoms of illness and possible risk factors for secondary trans members developed watery diarrhoea 4-5 days after exposure to a case-patient during the post-outbreak period. Illness in these two household members was not confirmed as cryptosporidiosis, nor was transmission from the index case-patient documented.
Case-control studies
Case-patients and controls were similar in age but 19 (58%) of 33 case-patients and 19 (34%) of 56 controls were women (P = 0-05) ( Table 3 ). In the household case-control study, 28 case-patients had matched controls. Of these 10 (36%) case-patients were immunosuppressed, compared with 2 (7 %) of 28 household controls (MOR = 9-0, 95 % confidence interval [CI] = 2 0, 43 0, P = 0 01). No other variables were significantly associated with Cryptosporidium infection.
In the neighbourhood case-control study, immunosuppression and having a child under 5 years of age within the household were significantly associated with cryptosporidiosis. Ten (36 %) of 28 casepatients and none of 28 neighbourhood controls were immunosuppressed ([MOR not calculable, CI = (3-0-infinity, P = 0-00 1). Fifteen (54 %) case-patients and one (4 %) neighbourhood control had a child less than 5 years of age in the household (MOR = 17 0, CI = 2 0, 395 0, P < 0 001). These two variables were independent; only two immunosuppressed casepatients had children less than 5 years old in the household. Although drinking municipal water during the post-outbreak period tended to be protective (MOR = 0.1, CI = 0 01, 0 99, P = 0 06), no other factors were significantly associated with cryptosporidiosis during the post-outbreak period, even when household and neighbourhood controls were combined.
When the 12 case-patients, 7 household controls, and 6 neighbourhood controls who had diarrhoea during the outbreak were excluded from the analysis, immunosuppression remained significantly associated with illness in both the household and neighbourhood case-control analyses (MORs not calculable, CI 16 , infinity, P = 0-01); living with a child less than 5 years 8 old was not significantly associated with illness in this analysis (MOR not calculable, P = 03).
DISCUSSION
Following a massive outbreak in Milwaukee during March-April 1993, laboratory-confirmed cases of cryptosporidiosis continued to occur throughout May and June, although the occurrence of these cases decreased rapidly during this period. The greater geographic dispersion of these post-outbreak cases relative to cases during the outbreak and the inverse association between post-outbreak cryptosporidiosis and drinking Milwaukee municipal water suggest that modes of transmission other than drinking contaminated municipal water were responsible for cases occurring during the post-outbreak period. Both postoutbreak and outbreak-associated cases of laboratory-confirmed cryptosporidiosis appeared to be more severe than those reported in previous case series, with a greater reported frequency of abdominal cramps and anorexia [8] . The clinical similarity of postoutbreak and outbreak-associated illness is consistent with the notion that post-outbreak cases resulted from secondary transmission of the outbreak strain or strains of Cryptosporidium.
Despite efforts to avoid including persons with outbreak-related cryptosporidiosis in this study, 12 (36 %) case-patients reported having had watery diarrhoea during the outbreak. Their post-outbreak diarrhoea began 3-10 weeks after the implicated water plant was shut down. None of these persons were tested for Cryptosporidium during the outbreak. Intermittent diarrhoea associated with Cryptosporidium infection has previously been reported, primarily in persons with HIV infection [9, 11, 12] . During the Milwaukee outbreak, however, recurrence of diarrhoea was a significant clinical feature among immunocompetent persons; 39 % of persons with laboratory-confirmed cryptosporidiosis reported recurrence of diarrhoea after 2 or more days of normal stools [8] . Only 6 % of these persons had recurrence of symptoms after > 5 days of normal stools. By definition, postoutbreak cryptosporidiosis in this study began after > 7 days of normal stools. Thus, it seems unlikely that recurrence of outbreak-related cryptosporidiosis can explain post-outbreak cryptosporidiosis in all 12 case-patients who reported diarrhoea during the outbreak. Nonetheless, this possibility cannot be excluded. In fact, MacKenzie and colleagues reported a significant association between having had watery diarrhoea during the outbreak and new onset of diarrhoea during the post-outbreak period [8] .
Although case-control studies of sporadic cryptosporidiosis have implicated drinking untreated surface water [16] and contaminated spring water [17] , the relative importance of waterborne, person-to-person and foodborne transmission in sporadic cryptosporidiosis is unclear. Similarly, risk factors for postoutbreak cryptosporidiosis have not been well-characterized. Increased awareness and surveillance for Cryptosporidium infections in other parts ofWisconsin following the outbreak resulted in the identification of several outbreaks associated with public swimming pools [18, 19] . However, no such outbreaks were identified in Milwaukee, and swimming was not identified as a risk factor for post-outbreak cryptosporidiosis in this study.
Two independent risk factors, immunosuppression and having a child under the age of 5 years in the household, were significantly associated with postoutbreak cryptosporidiosis in the neighbourhood case-control study. Although difficult to document because of the relatively high possibility of exposure from other sources following this massive outbreak, the latter risk factor suggests that person-to-person transmission may have played a role in at least some of the post-outbreak cases. However, in both this study and a study of adults living outside the Milwaukee area who became infected while visiting Milwaukee during the outbreak [8] , secondary attack rates within households appeared to be relatively low (i.e., 3-5 %) . This is in contrast to reported transmission rates of 12-22% from infected children to their household members and caregivers during outbreaks in day-care centres [20] . When persons who reported diarrhoea during the outbreak were excluded from the analysis, only immunosuppression was significantly associated with post-outbreak cryptosporidiosis. This finding seems to suggest that the attack rate of cryptosporidiosis in the Milwaukee area was higher among immunosuppressed persons than in the general population, but detection bias may account for this association.
Immunosuppressed persons are probably over-represented among persons with laboratory-confirmed cryptosporidiosis because they tend to seek medical care for diarrhoeal illness, their illness tends to be more severe, and their physicians are more likely to order diagnostic tests for Cryptosporidium. It is also possible that HIV-infected case-patients were more likely than controls to divulge their HIV infection status. Nonetheless, our findings suggest that immunosuppressed persons who do not become ill during large community-wide outbreaks of cryptosporidiosis may remain at risk during the post-outbreak period. Thus, preventive measures taken by such persons to avoid exposure during the outbreak should be continued during the immediate post-outbreak period. It is possible that some of the immunosuppressed persons in our study were infected with Cryptosporidium during the outbreak but developed diarrhoea during the post-outbreak period. Data from one outbreak suggested that the mean incubation period for cryptosporidiosis in persons with HIV infection is 13 days, about twice that of HIV-negative persons [21] .
Despite the high quality of water treatment in Milwaukee following the outbreak, public concerns about the safety of the municipal water supply persisted after the outbreak. We found no evidence that drinking municipal water was associated with post-outbreak cryptosporidiosis.
Our study was limited by the small sample size and by our inability to interview many potential postoutbreak case-patients because telephone numbers were not provided on the case report form. In addition, although persons were included as controls only if they had no post-outbreak diarrhoea, they were not tested for Cryptosporidium infection, and some may have had asymptomatic or subclinical infection. Accurate determination of risk factors for Cryptosporidium infection was also complicated by the possibility that persons who were exposed to the organism during the outbreak may have acquired partial immunity that could have prevented infection or attenuated the severity of symptoms on reinfection during the post-outbreak period.
In summary, continued active laboratory surveillance and case-investigation enabled us to document a continued decline in the occurrence of laboratoryconfirmed cryptosporidiosis during the 2 months following a massive community-wide outbreak of cryptosporidiosis in Milwaukee. No new point sources were identified. Some post-outbreak cases may have resulted from person-to-person transmission or from recrudescence of infections acquired during the outbreak. Immunosuppressed persons remained at risk.
To document the effectiveness of control measures and to rapidly identify and control new sources of transmission, we recommend that active surveillance and case investigation be continued for at least 2 months after large community-wide outbreaks of cryptosporidiosis.
